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4 DISCUSSION 
4.1 CWD Volume The total volume of CWD in the 1‐ha plot in North Queensland was greater than reported from other forests around the world.  Undisturbed and logged forests in the eastern Amazon, Brazil, contained 103 to 205m3 per hectare respectively (Keller et al. 2004).  Other Australian forest types, such as eucalypt woodlands, had CWD volumes ranging from 34 to 247.2m3 per hectare (Manning et al. 2007). The reason for these discrepancies can be attributed to differences in CWD recruitment and decay rates.  The eucalyptus woodlands in Australia have a lower tree density and biomass than tropical rainforests, and therefore have a lower potential for trees to become CWD.  The differences in CWD volume between this Australian rainforest and Amazonian rainforests can be the result of decomposition rates, which vary depending on the climate.  The rate of decomposition processes is enhanced by increases in temperature and moisture (Bridges 1970).  The Amazonian sites may receive more annual precipitation than the Australian study site.  Thus, the rates of decomposition in the Amazonian rainforests would be higher than those in the study site.  This means CWD volumes would decrease at a faster rate in the Amazon rainforest sites. While this study is only one hectare of rainforest, similar trends should be seen in other tropical rainforests in Australia.  Furthermore, this region experiences frequent and often intense cyclones, which significantly contribute to the amount of CWD on the forest floor.  These events promote biodiversity in two ways.  First, the 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increased amount of CWD following cyclones provides many new habitats for forest organisms.  Secondly, the new canopy gaps allow light‐demanding species to establish in the understory.  The ultimate consequence of this is a heterogeneous forest that is better prepared to endure more severe disturbances, both natural and human‐made. 
4.2 CWD and Stand Structure The subplot variation in CWD volume (figure 3) cannot be explained by stand characteristics examined in this study.  It was expected that CWD volume would increase as subplot live basal area and number of stems decreased.  While these relationships were not statistically significant, general trends were still observed (figure 4 and 5).  These results suggest that if more wood exists as live trees, then there is less on the ground as CWD.  The relationship between CWD volume and number of stems was more apparent for large trees than all trees possibly due to the larger volume contributions of bigger trees. Perhaps the results would have been more conclusive if all trees within the subplots were measured, not just those with diameter >10cm.  In the study site, the majority of the trees had diameters <10cm.  When conducting future research on this topic, it would be important to determine if the smaller trees did in fact influence the variations observed in the volumes of CWD across the rainforest plot. 
4.3 CWD and Disturbance The differences found in the number of pioneer plant species can be attributed to CWD volume for saplings but not seedlings.  It was expected that the 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number of both sapling and seeding species would be greater in subplots with more CWD volume.  While the relationship between CWD volume and the number of pioneer species was significant only for saplings, the trend was still observed for seedlings.  The number of pioneer plant individuals did not, however, show a relationship with CWD volume for either saplings or seedlings.  This could be attributed to the fact that the disturbance resulting from the input of CWD allows for the invasion of many pioneer species, but only a limited number of stems can establish and grow in the available space. It would be more definitive to survey all seedling and sapling species in the plots, and determine if CWD volumes relates to total diversity.  These results could provide insight into the intermediate disturbance hypothesis, which suggests that intermediate levels of disturbance maintain high diversity (Connell 1978).  Following a disturbance, pioneer species thrive and therefore species diversity is low.  If disturbance occurs too frequently, only these few pioneer species will grow to maturity.  As time following a disturbance increases, more species are able to invade.  This increases the diversity of the system.  However, if too much time passes between disturbances, the best competitor will exclude other species and diversity will decrease.  Forests containing high levels of CWD recently experienced disturbance, and are expected to contain high levels of pioneer species diversity but not necessarily overall biodiversity. 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5 CONCLUSION 
Since CWD is essential for forest biodiversity and productivity, understanding the factors that influence its quantities and qualities is highly important.  This information can help forestry operations properly manage forests.  This study collected CWD measurements to determine its relationships with stand structure and disturbance.  The trends observed supported the hypotheses, but most were not statistically significant and therefore not conclusive.  CWD was found to generally decrease as number of live stems and live basal area increased in the subplots.  The number of pioneer seedling species generally was found to increase as CWD volume increased.  The only significance found in this study was that the number of pioneer sapling species increased as CWD volume increased.  While the results of this study did not entirely contradict the hypotheses, most were not significant enough to be definitive.  Future studies similar to this should be conducted to further explore the different factors that contribute to the differences observed in CWD volume across the rainforest landscape. 
5.1 Management Implications  The results of this study reveal that CWD volume is dependent on the death of trees, especially large trees.  To promote biodiversity and healthy ecosystem function, forest managers need to consider the ramifications of removing large quantities of trees, particularly larger trees, from forests.  To retain high levels of species richness, at least 50%, but preferably more, of the natural levels of CWD should remain in the landscape (Bunnell and Houde 2010).  Additionally, CWD 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pieces left on the forest floor should vary in size and decay stage so that a wider range of species can utilize the various habitats that different types of CWD can offer.  It is particularly important to allow large pieces to remain, as they provide ecosystem services for much longer, since they take longer to decompose than smaller pieces (Bunnell and Houde 2010). Forest managers should aim for the CWD in their forests to resemble natural stocks of CWD.  For example, some CWD should be dispersed and others placed in piles, to represent different types of tree mortality and disturbances.  Piled CWD is particularly beneficial for some vertebrates (Bunnell and Houde 2010).  Logging operations should consider harvesting patches of forest at different times to provide a variety of decay stages.  It is also important for them to allow some trees to remain in the forest, because these will inevitably become CWD.  The most important concept to keep in mind is to differ in the methods of forest management regarding CWD, as naturally occurring CWD is the results of many different factors and therefore is very heterogeneous across the landscape. 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APPENDIX A  
List of light‐demanding pioneer plant species that were included in the survey:  
 
Acronychia acidula 
Acronychia vestita 
Alphitonia petriei 
Alphitonia whitei 
Alpinia caerula  
Alpinia modesta  
Alstonia muelleriana 
Calamus australis 
Calamus moti 
Caldcluvia australiensis 
Cardwellia sublimis 
Daphnandra repandula 
Darlingia darlingiana 
Elaeocarpus grandis 
Elaeocarpus largiflorens subsp. largiflorens 
Elaeocarpus ruminatus 
Eleangus triflora  
Flindersia bourjotiana 
Flindersia brayleyana 
Flindersia laevicarpa 
Flindersia pimenteliana 
Franciscodendron laurifolium 
Glochidion hylandii 
Litsea leefeana 
Macaranga inamoena 
Melicope elleryana 
Melicope vitiflora 
Melicope xanthoxyloides 
Neolitsea dealbata 
Placospermum coriaceum 
Pleuranthodium racemigerum 
Polyscias australiana 
Polyscias elegans 
Polyscias murrayi 
Rubus molucannus 
Sloanea langii 
Solanum mauritanium 
